Abstract A total of 29 consecutive knee joint arthroplasties in 24 patients who underwent previous high tibial osteotomy (HTO) for medial unicompartment osteoarthritis of the knee and followed up for a mean of 97 months were compared with a control group of 28 patients with 29 primary total knee arthroplasty (TKA) without previous HTO. Results for the osteotomy group were satisfactory in 96.5% of cases. In one patient loosening of the implant occurred after 37 months, which required prosthesis revision. Three patients underwent a further operation of secondary patella resurfacing for patella pain. The group without osteotomy reported a similar percentage of satisfactory results.
Introduction
Proximal tibial osteotomy is an established method for treating the varus−osteoarthritic knee. Rationale for the operation is based on mechanical axis change of the lower limb, with load stress transfer from the pathological medial compartment to the still healthy lateral side [1, 2] . Most clinical studies report a high percentage of short-term positive results. Nevertheless, the results tend to deteriorate gradually over time, and as tibial osteotomy is indicated in young and active patients, many subsequently have to undergo knee joint arthroplasty [3] [4] [5] [6] [7] [8] [9] .
The clinical and radiographic results of knee joint arthroplasty performed after tibial osteotomy vary considerably. Some authors [10] [11] [12] report results similar to those of primary joint arthroplasty, whereas others [13] [14] [15] [16] [17] describe worse results and a higher number of complications in cases previously treated by tibial osteotomy. In addition, a review of the literature shows greater difficulty in the execution of the surgical operation.
The aim of our study was to assess patients treated by knee arthroplasty after a previous operation of tibial osteotomy and to compare these cases with a cohort of primary total knee arthroplasty (TKA).
Materials and methods
At our Institution, all patients who underwent TKA have been followed up prospectively since 1994. A total of 606 procedures were performed up to 2005. During that period, we identified 24 patients who had previously undergone high tibial osteotomy (HTO). Five of these patients were treated bilaterally, bringing the total number of prosthetic implants studied to 29. All patients who were followed up for a mean of 97 (range 36−156) months constitute our study group. The group included 19 women and five men. Seventeen cases involved the right side and 12 the left. Mean age at the time of proximal tibial osteotomy was 55 (median 56, range 46-63) years. Age at the time of TKA ranged between 52 and 80 (mean 68.5, median 64) years. Mean time interval between the two operations was 100.7 (median 96, range 34-124) months. The mechanical axis of the lower limb before arthroplasty varied between 15°of varus deviation and 15°of valgus deviation (mean 0°). The tibial osteotomy was performed using two different techniques: 19 lateral subtraction osteotomies (closing-wedge osteotomy), ten medial addition osteotomies and homoplastic graft (opening-wedge osteotomy). Types of prostheses implanted were 29 NexGen LPS (Zimmer Inc, Warsaw, IN, USA). In two cases, a NexGen modular tibial component with intramedullary stem and metal wedge was used to fill the large bone defect secondary to the osteotomy (Fig.1a-b) . This index group was matched with a control group of 29 primary total knee arthroplasties in 28 patients selected from the same cohort and without a history of HTO.
The match was made for age at the time of arthroplasty, American Knee Society (AKS) score before TKA, preoperative deformity in the frontal view and length of followup period (Table 1) .
The indication for TKA in all patients was symptomatic osteoarthritis. In all patients, a NexGen LPS prosthesis was implanted. To assess the results, we adopted the clinical and radiographic criteria proposed by the AKS. The AKS Clinical Rating System [18] is subdivided into two scores: Knee Score (AKSS) and Functional Score (AKFS). The AKSS assesses only the knee joint and is based on three main clinical parameters: pain, joint stability and range of movement expressed as positive values and, if present, other parameters, i.e. fixed deformity in flexion, extension deficit and malalignment in double stance that are expressed as negative values to be subtracted. The AKFS is based on the patient's perception of general knee function in specific activities: it assesses walking ability and ascending/descending stairs as positive values that must be subtracted from the negative value, if present, which is represented by the need to use to walking aids. The best score, both for specific and general knee function, is 100 points. A score between 85 and 100 points is considered excellent, 70−84 good, 60−69 fair and <60 negative.
All the patients were assessed pre-operatively and at follow-up (three, six and 12 months and then yearly) by horizontal radiography of the knee in the two standard views: an antero-posterior (AP) view on a long plate in loaded single stance and an axial view of the patella. Radiographic assessment of the prosthesis was performed according to the Knee Society Total Knee Arthroplasty Roentgenographic Evaluation and Scoring System [19] . This involves studying the prosthetic components in relation to the femoro-tibial anatomical axes by measuring the specific angles. On the frontal plane, angle α refers to the femoral component, and β refers to the tibial component. On the AP view, angle Ω of total valgus prosthesis deviation was also assessed. On the sagittal plane, angle γ of femoral component flexion and σ of posterior inclination of the tibial component were measured. Radiolucent lines were also assessed at the bone−cement or prosthesis−bone interface by subdividing the prosthetic components into seven zones for the femur in the latero-lateral (LL) view and the tibia in the AP view, and three zones for the tibia in the LL view. The numerical score of the radiolucent lines for each component comes from the sum of the thickness in millimetres of the lines detected in each zone of the interface. For a component divided into seven zones, a score of 4 or less means component stability, a score between 5 and 9 requires close component surveillance for possible progression, whereas a score ≥10 points suggests loosening, independent of possible clinical symptoms. Both pre-and post-operatively, patella height was also assessed radiographically on a lateral view using the Caton Index [20] . According to Caton, patella height comes from the relationship between the distance connecting the lowest point of the patella articular surface with the tibial joint line and the length of the patella articular surface. The normal value in these cases is 1 ± 0.2; a value>1.1 indicates a high patella, whereas a value<0.6 indicates a low patella.
Statistical analysis
Data collection and analysis were performed using SPSS version 13.0. Differences between the two groups were examined and compared using the Mann−Whitney test and one-way analysis of variance (ANOVA) and Pearson chisquare test. Statistical significance was defined as p≤0.05 The study was authorised by the local ethical committee.
Results
Mean preoperative clinical score, assessed by the AKS system, was 38.5 (range 6−52) for the knee score and 47 (range 5−75) for the functional score in the study group, and 35 (range 6−68) for the knee score and 45 (range −20 to 70) for the functional score in the control group (Table 1) . There was no significant difference found when comparing the postoperative average scores between the two groups of patients. The mean increment was 92.7 and 89.8 points, respectively, for the knee and functional score in the study group and 91 and 84, respectively, in the control group (Table 2) .
Overall clinical evaluation of the replaced knee at the end of the follow-up period revealed that for patients previously undergoing osteotomy, a satisfactory result was found in 96.5% of cases (28/29): excellent AKSS score in 25 (90−100 points), good in three (80−89 points), fair in none (70−79 points) and poor in one (<70 points), which required revision. A similar percentage of satisfactory results was reported in the control group: 23 cases had excellent results, five good and one poor. At the last followup in 29 implants of the study group, pain at rest was absent in 25 cases and mild or occasional in the remaining four. No patient complained of severe or continuous pain. During walking, pain was absent in 19 cases, mild in six, moderate in four, but never severe. Ascending staircases, the pain was present in 23 cases and mild in six.
Mean flexion at last follow-up was 103°(median 100°, range 80-120°); flexion ≥90°was present in 28/29 cases. Active extension was complete in all cases, and none had a fixed flexion deformity. Mean alignment found clinically in dual stance was 5°in valgus deviation (range 3-7°): ten implants had valgus deviation between 5°and 7°and 19 between 4°and 3°. We observed only one case of mediolateral laxity between 6 and 9 mm. Walking autonomy was unlimited in 18 cases, limited to 1,600 m in eight, reduced to 800 m in three, but was never lower. Ability to climb stairs was normal in 25 cases. Two patients were able to climb stairs but needed support to descend; the remaining two patients needed support both to ascend and descend. Walking aids were needed in only two cases. Three patients (AKSS range 80−89 points) had persistent anterior pain, which required a further joint arthroplasty of the patella performed, respectively, 18, 19 and 27 months after the primary prosthetic implant, with a marked clinical improvement. We observed a case of implant aseptic loosening 37 months after surgery, which required revision due to persistent and severe pain. We used a NexGen CCK prosthesis (Zimmer) with a full tibial wedge with 7°to fill residual defect and a cementless intramedullary stem.
In the control group , mild or occasional pain occurred in seven cases and was absent in all others. Mean preoperative flexion was 100°(range 70-120°): flexion ≥90°w as present in 25/29 cases. No patient had a mean fixed flexion deformity or deficit in active extension. Mean alignment clinically in dual stance was 4°in valgus deviation (range 10°varus to 7°valgus). We observed three cases of medio-lateral laxity between 6 and 9 mm. Walking unaided was unlimited in 15 cases, limited to 1,600 m in seven, reduced to 800 m in five and to 400 m in two. Ability to climb stairs was normal in 19 cases. Four patients were able to climb stairs but needed support to go down. Five patients needed support to both ascend and descend, and one patient with poor clinical condition was house bound . Walking aids were needed in five cases. In one case, we had poor clinical and functional results: this patient suffered from multiple arthropathies and poor general condition since the preoperative period. No patients in the control group underwent second revision.
On assessing radiological alignment of the prostheses, there were no statistical differences postoperatively comparing specific angles measured in index and control groups at the last follow-up (Table 2 ). Mean percentage of surface coverage of the tibial section by the prosthetic component was 98.5%; there were no statistical differences between index and control groups at the last follow-up (Table 2) . During follow-up in the index group, no radiolucent lines were observed around the femoral component suggesting loosening or requiring close surveillance. Twenty-six tibial components in both AP and LL views were totally devoid of or had very small non-progressive radiolucencies, whereas three had suspected radiolucencies (total for the whole component approximately 5 mm). Of these last three cases, two were stationary during subsequent follow-ups, whereas the third case showed progressive signs of loosening. In this case, the radiolucencies were altogether >10 mm (Fig. 2) and indicated a possible imminent loosening, which then actually occurred, and the patient underwent revision three years after the first operation.
No significant radiological component loosening was seen in the control group. Patients showed a numerical score ≤3 in the different prosthetic components. A significant difference (p=0,019) in radiolucencies between index and control groups was found only in the AP view of the tibial component at the last follow-up (Table 2 ). In the study group, the mean Caton Index before joint arthroplasty was 0.69 (range 0.51-0.85), whereas at the last follow-up, a mean of 0.70 (range 0.51-1.05) was observed. The Caton Index was in the normal range in 26 cases after knee joint arthroplasty. In the remaining three, we found a low patella; in only two of these was it also present before the prosthetic implant. These three cases were symptomatic, so postoperative patella arthroplasty was performed. In the control group, patients showed a normal postoperative Caton index. A significant difference between index and control group was found in patella height using the Caton Index postoperatively (p=0,001) ( Table 2) .
Discussion
Tibial osteotomy is a surgical operation aimed at treating medial knee arthritis. Its rationale is based on the transference of load stresses from the medial region of the degenerate knee to the healthy side [1, 2] . When patients have been appropriately selected, most clinical studies show high percentage of satisfactory results in the short term. However, with longer follow-up, progressive arthritic deterioration may develop, requiring conversion to TKA [3] [4] [5] [6] [7] [8] [9] . There have been conflicting reports in the literature regarding the outcome of TKA in patients who have had a previous proximal tibial osteotomy, with some studies describing results comparable with primary joint arthroplasty [10] [11] [12] and others [13] [14] [15] [16] [17] describing worse results and a higher number of complications in cases. A reduced rate of satisfactory results and increased difficulty in exposing the knee was reported by Windsor et al. [15] as early as the mid-1980s. These authors attributed such results to the presence of a low patella after tibial osteotomy, which reached 80% in their series. Alterations related to patella height seem to be especially related to surgical technique. In fact, a higher rate of low patella was observed after medial opening wedge osteotomy in comparison with lateral subtraction osteotomy [21] . Another condition seems to be the type of fixation and postoperative treatment provided. The rate of low patella is much less when stable fixation and early postoperative movement is achieved [22] in comparison with immobilisation in a cast, where the rate of low patella can reach 89% [23] .
The great variability reported in the literature with respect to the results of knee joint arthroplasty after failure of a tibial osteotomy is, in our opinion, due to the wide heterogeneity of patients undergoing joint arthroplasty after osteotomy who have varying degrees of deformity on the frontal and sagittal planes, bone loss, ligament imbalance, low patella and damaged soft tissues [24] . Another reason may be the different osteotomy techniques, types of prostheses implanted, follow-up period and especially the different time periods after which the secondary joint arthroplasty was performed. In fact, the most recent series show comparable results to those of the primary prostheses [25, 26] , and this can be explained by a better understanding of the technical difficulties involved in knee joint arthroplasty after tibial osteotomy.
In an attempt to minimise the effect of variables such as age, gender, prosthetic selection, use of cemented or uncemented components and duration of follow-up, we compared the results of TKA in 24 patients who had a previous HTO with those obtained in a control group of 29 patients who had not had a previous osteotomy. After an average follow-up of over eight years, 96.5% of patients in the study group had a good or excellent result compared with the same percentage in the control group. In our study HTO did not adversely affect prosthetic component fixation: only in one case was it necessary to perform a revision for aseptic loosening. However, we observed a significant difference in the percentage of patella infera and greater number of revisions for anterior knee pain.
As observed by several authors [13, 15, 27] , the difficulties encountered during osteotomy revision are normally higher in comparison with those in primary surgery. Therefore, certain technical considerations must be made. The first point to consider during knee arthroplasty after osteotomy is the choice of approach in relationship to the presence of a previous skin incision, with the possibility of removing possible fixation devices. A medial parapatella incision performed for an opening wedge medial osteotomy can be performed without difficulty, as it allows the joint to be reached through a medial arthrotomy and any fixation devices on the proximal metaphysis of the tibia to be removed. Conversely, a previous lateral closing wedge osteotomy can pose more problems. Although a short transverse or oblique incision can be intersected at an angle between 60°and 90°by a new longitudinal anterior incision without risks of necrosis, great care must be taken when addressing a previous lateral longitudinal approach [24] . A lateral incision near the midline can be performed, thus allowing the joint to be reached through a medial arthrotomy, by the elevation of a thin cutaneous flap. If the incision is placed more laterally, it is preferable to use the approach described by Buechel [28] , which allows lateral approach to the joint using an osteotomy of the anterior tibial tuberosity. The main difficulties encountered during the surgical approach concern the exposure of the knee that, due to the presence of peripatellar scarring fibrosis or low patella, may require supplementary procedures, such as release of the lateral alar ligament of the patella [13, 15] , snipping of the quadriceps [29] or osteotomy of the anterior tibial tuberosity [30] . In our series, we performed lateral release in three cases, snipping the quadriceps in three, and osteotomy of the anterior tibial tuberosity in one.
When planning a joint arthroplasty secondary to proximal tibial osteotomy, some variations of the tibial anatomy necessarily related to the previous operation [24] should also be taken into account. On AP radiographs of the knee, a lateral inclination of the articular line is visible, with a higher medial plateau in comparison with the lateral side and often a real lateral translation of the epiphysis. This situation is the opposite to that normally observed in an arthritic genu varum. This creates further difficulty during knee joint arthroplasty secondary to tibial osteotomy, and in our series, we found this defect to be severe in four cases. Therefore, after a tibial osteotomy, regardless of the technique previously used, the thickness of bone resected from the lateral region of the tibia must be very small to reestablish the anatomical position of the lateral articular line [11, 24] . This precaution helps to reduce the possibility of instability or the use of excessively thick tibial inserts, which might in turn lead to an increase in the rate of patella infera.
Severe bone defects on the lateral plateau, in case of lateral closing wedge osteotomy, may sometimes require bone grafts or metal augmentation. In these cases, to reduce mechanical stresses on the metaphyseal region, it is advisable to use an intramedullary stem [31] . In two cases in our series following HTO, a NexGen modular tibial component with intramedullary stem and metal wedge was used to fill the large bone defect secondary to the osteotomy. Particular care is also required in cases of lateral translation of the tibial epiphysis, with alteration of the position of the medullary canal (which is medialised in the frontal plane) if prostheses are used with a central stem. This is due to a possible conflict with the lateral cortex. The solution in this case may be to reduce the size of the tibial component by moving it more medially or using components with shorter pegs, custom-made prostheses or with offset.
The anatomy of the proximal tibia after osteotomy is often also altered in the sagittal plane, with a reduction or inversion of the normal posterior inclination (tibial slope), which must be restored to varying extents according to the type of used prosthesis [27] .
Cases of ligament instability have been described primarily in patients with a valgus overcorrection. Krackow and Holtgrewe [32] developed a complex technique of reconstruction that combines advancing the medial collateral ligament, posterior cruciate and postero-medial capsule and involves the use of unconstrained implants. In the absence of clear guidelines about the correct approach to ligament balancing in these cases, we recommend proceeding with great caution, preferring to perform ligament release after the bone cuts, as suggested by Whiteside [33] , using test prostheses or spacers, adapting it to suit intraoperative situations.
In our cases treated after HTO, three secondary patellar resurfacings were necessary 18, 19 and 27 months after the operation due to a low patella, which in only one case was present before the prosthetic implant. Pain resolution was achieved in all three cases. Although lowering of the patella is not necessarily associated with an increase in contact forces in the femoro-patella joint, a higher rate of patella pain under such conditions has been found in other series [25] . Under these conditions, routine joint arthroplasty of the patella might prevent anterior pain. Although in some cases there was a greater difficulty in executing the operation, the tibial osteotomy sufficiently decreased pain and increased knee function in patients who otherwise would have needed a knee arthroplasty, which was postponed but not necessarily eliminated.
In our study the mean time lapse between the osteotomy and the joint arthroplasty was 8.5 years. The criteria for performing a tibial osteotomy are numerous and thus limit the study group. There is a tendency to reserve proximal tibial osteotomy as an operation for young adults. The ideal candidate is a thin, active person in the fifth or sixth decade of life. They must have clear signs of unicompartmental knee arthritis, pain and disability associated with the arthritis that severely interferes with their social and working life. The knee must have a varus deformity, verifiable on radiographs under load, not excessive (generally not >15°). In addition, the knee must be stable (above all, the integrity of the lateral compartment is essential) and must have good articular excursion: full extension of the knee (no flexion contracture >10°) and flexion of at least 90°. Generally, no symptoms in the femoro-patella joint should be present, as its integrity is important. Furthermore, the patient must be able to undergo suitable postoperative rehabilitation.
Conclusion
In this study, knee arthroplasty after proximal tibial osteotomy was satisfactory in 96.5% of cases over a mean follow-up of 97 months. Compared with primary knee arthroplasty without previous HTO, we found no significant difference in clinical and radiological results apart from a greater rate of anterior knee pain and revision for secondary resurfacing of the patella in the patients with previous HTO. Otherwise the surgical approach could be more difficult and require the skill of expert surgeons. Considering that osteotomy has a more restrictive criteria, that the surgical techniques of osteotomy and knee joint arthroplasty are more sophisticated and supported by safer and innovative surgical materials, we believe that proximal tibial osteotomy is still an important procedure that can markedly relive pain and increase knee function in young patients, thereby postponing the need for a TKA, although it does not eliminate the need.
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